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Abstract:  

In this paper a tool is described for AWiFS sensor images to cluster multispectral data. It is based on k-means algorithm for clustering of 

multispectral images. K-means clustering used to distribute n observations into k classes in which each observation belongs to the class 
with the nearest distance, serving as a prototype of the cluster. Several classes are selected as training samples for region classification. It 

is further extended by using Gaussian Kernel which provides clustering for nonlinear pixel in dataset. Each region is compare d to the 
training samples and is assigned to its closest class which provides accuracy through confusion matrix and kappa statistic. Satellite 

imagery tool using python shows better result in terms of overall accuracy and kappa coefficient than commercial tool’s for k-means 

algorithm. 
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I. Introduction  

 

Remote sensing has become a v ital tool in wide areas. The 

classification of multi-spectral images has been a productive 

application that’s used for classification o f land cover maps 

[1], urban growth [2], forest change [3], monitoring change in 

ecosystem condition [4], monitoring assessing deforestation 

and burned forest areas [5], agricultural expansion [6], 

mapping [7], real t ime fire detection [8], estimat ing tornado 

damage areas [9], estimat ing water quality characteristics of 

lakes [10], geological mapping, estimat ing crop acreage and 

production, monitoring of environmental pollution, monitoring 

and mapping mangrove ecosystems. According to functional 

requirement of the system p latform the whole system is 

designed. 

 

System is designed in python programming language as 

python is object oriented language. Python offers an 

assortment of open-source code libraries that can significantly 

improve advancement. NumPy (Numerical Python) and SciPy 

(Scientific Python) give an arrangement of methods for 

working with raster information appropriate for p icture 

investigation. GDAL (Geospatial Data Abstraction Library) 

offers access to more than 120 picture informat ion groups, 

including PDS, ISIS2/3, FITS, ENVI, Jpeg2000, Png and Tiff. 

MatPlotLib libraries give standard and cartographic data 

representation contraptions. Taken together, these libraries 

incorporate into a profoundly viable handling suite for 

scientific data compression, classification, and analysis [11]. 

 

In this paper, analysis of AWiFS image is presented. The 

AWiFS camera provides enhanced capabilit ies compared to 

the WiFS camera on-board IRS-1C/1D, in  terms of spatial 

resolution, radiometric resolution and spectral bands with  the 

additional feature of on-board detector calibration using 

LEDs. The spectral bands of AWiFS are same as LISS-III. 

The AWiFS camera is realized in two electro-optic modules 

viz, AWiFS- A and AWiFS-B, each contains four band 

assemblies. A combined swath of 740 km is realized by 

mounting the two modules on the Deck, with their optical axes 

tilted by 11.94 deg away from the axis in opposite direction. 

With this mounting, a side lap o f 128 pixels i.e. about 7.2k km 

is available in the combined swath [12].  

 

Major specificat ion of AWiFS sensor: 

 

IGFOV 56 m (nadir) 

 

Spectral Band B2,B3,B4,B5 

 

Swath 740 km(combined) 

 

Integration Time  9.96 msec 
Quantizat ion 10 bits 

 

In this paper, comparison between satellite imagery tool and 

Commercial tool is done for k-means algorithm for 3 dataset 

of AWiFS sensor images. However, the k-means method, 

were designed to analyze multispectral imagery and may  be 

inadequate for mult ispectral data analysis for following 

reason. This technique is computationally intensive, as result 

of all pixels in the image must be compared with all clusters 

through mult iple iterat ions in order to assign them to the 

nearest cluster [13]. 

 

In the next section we present the Dataset. In section 

3 we present methodology. Section 4 present system design 

and implementation. section 5 present result and discussion 

and Section 6 presents conclusion. 
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II. Dataset III. Methodology 

 
The following Datasets of AWiFS Sensor are used for 

clustering: 
 

1. AWiFS_dec_2010  

 
Datatype Multispectral radiometric h igh resolution 
 
Pixel 60m 
 
Satellites IRS-1C/1D 
 
Dimensions 453 x 444 x 4 
 
File Type ERDAS IMAGINE 
 
Size  1,857,023 bytes. 
 
Sensor Type AWiFS 
 
Projection  Lambert  Conformal Conic  
 
 
 

2. AWiFs_nov_2010  

 
Datatype Multispectral radiometric h igh resolution 
 
Pixel 60m 
 
Satellites IRS-1C/1D 
 
Dimensions 453 x 444 x 4 
 
File Type ERDAS IMAGINE 
 
Size  1,858,291 bytes 
 
Sensor Type AWiFS 
 
Projection  Lambert  Conformal Conic  
 
 
 

3. AWiFS_feb_2011  

 
Datatype Multispectral radiometric h igh resolution 
 
Pixel 60m 
 
Satellites IRS-1C/1D 
 
Dimensions 453 x 444 x 4 
 
File Type ERDAS IMAGINE 
 
Size  1,857,511 bytes 
 
Sensor Type AWiFS 
 
Projection  Lambert  Conformal Conic  

 
System is designed in a following way: 

 
Input Satellite Image  

 
 

 
Unsupervised Classificat ion 

 
 
 
 

Produce Classified Image  
 
 

 
Perform Accuracy Measurement 

 
Figure 1 Flow diagram of System 

 
To implement system we use Python IDLE plat form. To do it 
various lib raries GDAL, matplotlib, numpy, PIL, auxil, mlpy 

are used. For classification algorithm such as k-means for 
unsupervised clustering is  implemented. 
 
The main goal of the image analysis is to identify important 

aspects of the image under processing. This kind algorithms 

segment the image by clustering pixels into classes based on 

the similarity of each p ixel to other members of the class. 

Each pixel in the image is represented by a pointer to the 

spectral class associated with that pixel. The unsupervised 

methods attribute to the technique or to the chosen algorithm, 

the task to identify, by itself, the existing class in a data set 

[14]. 

 
Unsupervised classification, or clustering as it is often called, 
requires no reference informat ion at all. Instead, the attempt is 
made to find an  underlying class structure automatically  by 
organizing the data into groups sharing similar characteristics. 
Often, one only needs to specify beforehand the number K of 
classes present. Unsupervised classification plays an 
especially important role when very little a priori informat ion 
about the data is available [15]. 
 
Algorithm for K-means Clustering 
 
1. Initialize the number o f k clusters and compute center for 
each cluster.  
 

2. Assign each object to the group that has the closest centroid.  

 

3. When all objects have been assigned, recalculate the 
positions of the K centroids. Repeat steps 2 and 3 until the 

centroids no longer move. Th is produces a separation of the 
objects into groups from which the metric to be min imized can 

be calculated.  
 
In the k-means algorithm, before the algorithm converges the 
centroids are calcu lated many times and the data points are 
assigned to their nearest centroids. Since complete
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redistribution of the data points takes place according to the 

new centroids, this takes O(nkl), where n is the number of 
data-points, k is the number of clusters and l is the number of 

iterations. Its space complexity is O(n+k).It requires additional 

space to store the data matrix. 
 
A major drawback to k-means is that it cannot separate 

clusters that are non-linearly separable in input space and 

clusters must be separated by a hyper-plane; this follows from 

the fact that squared Euclidean distance is used as the 

distortion measure. To counter this, Gaussian kernel [16] uses 

a function to map points to a higher-dimensional feature 

space. In modified k-means clustering, points are mapped to a 

higher-dimensional feature space using a nonlinear function, 

and then k-means partitions the points by linear separators in 

the new space. 

 
The objective function that k-means tries to minimize is the 

clustering error in feature space, We can define a matrix K and 

we can compute the squared Euclidean distances without 
explicit knowledge of the transformat ion Φ. in this case cluster 

centers in feature space cannot be calculated. Usually, a 

function K (xi,xj) is used to directly provide the inner products 

in feature space without explicit ly defining transformat ion Φ 
[17]. 
 
Algorithm for modified K-means Clustering 
 
Input: matrix K 
 
Output: Final clusters C1…. Ck 
 

1. For all points Xn, n=1….N do  

Gaussian Kernel  
 

2. For all clusters Ci, i=1….k do  
 

3. Compute transformation Φ  
 

4. End for  

 
5. Find C*(Xn)  

 

6. End for  
 

7. For all clusters Ci, i=1….k do  

 
8. Update cluster Ci  

 

9. End for  
 

10. If converged then  

 
11. Return final clusters C1…. Ck  

 
12. Else  

 
13. Go to step 1  

 

14. End if.  

 
As for the computational complexity it is shown that K-means 

requires O(N
2
ᴦ) scalar operations, where ᴦ is the number of 

iterations until convergence is achieved. If we also have to 
calculate the matrix, O(N

2
d) ext ra scalar operations are 

required 
 

IV. System Design and Implementation 
 
 
System is designed in a way to display AWiFS image and 

perform k-means algorithm on image. According to functional 

requirement of the system p latform the whole system is 

divided into open image and perform k-means algorithm.  
The layout of the system as follows  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Layout of the system 
 
Above figure shows the layout of the system. It  contains menu 

bar as file , basic tool, enhancement, classification, transform 

and help menu. File menu also has submenus as open image 

and exit. Basic tool have submenu statistic. Enhancement has 

submenus Linear, Linear255, Linear2pc, Histogram 

equalization. Classification has submenus Supervised and 

unsupervised. Transform have submenu PCA. But in  this 

paper we are introducing only k-means algorithm. 
 
For displaying image we have to select open image tab in file  

menu. After selecting image we can select either gray  scale 

image or RGB image. After selecting load button we have to 

display image in canvas. By clicking on the image we can 

show the z-profile which is at the top of the left side of the 

layout. Z-profile is a graph of No of band verses data value of 

selected pixel of the image. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 AWiFS image  
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Above figure displays AWiFS_dec_2010 image of AWiFS 
sensor. Information  about the image is shown below the Z-

profile which contains size of the image, number of bands. 
 

V. Result and Discussion  
 
A classification tool for hyperspectrals images, with graphical 

interface was developed to manage implementations. In this 

tool the user has the option to select the image, bands, number 
of clusters, number of iterat ions. The K-means algorithm gives 

the cluster centers and distortions. 
 
After applying k-means algorithm on AWiFS_dec_2010 in  
satellite imagery tool: 

 
samples: 1000 
iterations: 29 
elapsed time: 73.1330001354 

Above table shows the ground truth (pixels) value. The matrix 
is in the upper left 5 × 5 b lock in the table.  
 
In commercial tool after applying k-means algorithm we get 
classified image as: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 k-menas on AWiFS_dec_2010 in Satellite imagery 
tool 

 
Accuracy assessment of k-means algorithm on AWiFS-
dec_2010 image obtained: 

 
Overall Accuracy = (247/366) 67.4863%  

 
Kappa Coefficient = 0.5712 

 
Table 1: Ground Truth (Pixels) 

 
Class R1 R2 R3 R4 R5 Total 

       

C3 100 0 0 0 0 169 
       

C2 0 64 0 0 0 64 
       

C4 0 0 14 0 1 15 
       

C5 0 0 3 69 0 72 
       

C1 0 46 0 0 69 46 
       

Total 100 110 17 69 70 366 
       

 
 
 
 
 
 
 

Figure 5 k-menas on AWiFS_dec_2010 in commercial tool  
 

Accuracy assessment of k-means algorithm on AWiFS-
dec_2010 image obtained in commercial tool: 

 
Overall Accuracy = (229/448) 51.1161%  

 
Kappa Coefficient = 0.3829 

 
Table 2: Ground Truth (Pixels) 

 
Class R1 R2 R3 R4 R5 Total 

       

C1 0 0 0 0 70 170 
       

C2 100 0 0 0 0 110 
       

C3 0 110 11 0 0 11 
       

C4 0 0 73 8 0 81 
       

C5 0 0 6 70 0 76 
       

Total 100 110 90 78 70 448 
       

 
 

After applying k-means algorithm on AWiFS_nov_2010 in 
satellite imagery tool: 

 
samples: 1000 
iterations: 34 
elapsed time: 66.0740001202 
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Figure 6k-menas on AWiFS_nov_2010 in Satellite imagery 
tool 

 
Accuracy assessment of k-means algorithm on 
AWiFS_nov_2010 image obtained: 

 
Overall Accuracy = (229/472) 48.5169%  

 
Kappa Coefficient = 0.3498 

 
Table 3: Ground Truth (Pixels) 

 
Class R1 R2 R3 R4 R5 Total 

       

C2 100 0 0 0 11 144 
       

C1 0 33 36 13 0 49 
       

C5 0 0 58 54 3 115 
       

C4 0 0 10 32 46 88 
       

C3 0 28 0 9 39 76 
       

Total 100 61 104 108 99 472 
       

 
 

In commercial tool after applying k-means algorithm on 
AWiFS_nov_2010 we get classified image as: 

Accuracy assessment of k-means algorithm on AWiFS-
nov_2010 image obtained in Commercial tool: 

 
Overall Accuracy = (254/531) 47.8343%  

 
Kappa Coefficient = 0.3484 

 
Table 4: Ground Truth (Pixels) 

 
Class R1 R2 R3 R4 R5 Total 

       

C1 100 24 0 0 11 135 
       

C2 0 89 0 0 2 91 
       

C3 0 7 4 22 68 101 
       

C4 0 0 43 61 18 122 
       

C5 0 0 57 25 0 82 
       

Total 100 120 104 108 99 531 
       

 
 

After applying k-means algorithm on AWiFS_feb_2011 in 
satellite imagery tool : 

 
samples: 1000 
iterations: 20 
elapsed time: 67.3269999027 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8k-menas on AWiFS_feb_2011 in Satellite imagery 
tool 

 
Accuracy assessment of k-means algorithm on  

AWiFS_feb_2011 image obtained: 
 

Overall Accuracy = (264/420) 62.8571%  
 

Kappa Coefficient = 0.5419 
 
Figure 7 k-menas on AWiFS_nov_2010 in commercial tool 



International Journal of Engineering Science  and Computing, August 2016           2176                                                        http://ijesc.org/ 

Table 5: Ground Truth (Pixels) 
 

Class R1 R2 R3 R4 R5 Total 
       

C3 90 0 0 0 0 90 
       

C4 0 59 0 0 0 59 
       

C1 0 0 51 6 0 57 
       

C2 0 0 26 64 9 99 
       

C5 0 2 23 0 90 115 
       

Total 90 61 100 70 99 420 
       

 
 

In commercial tool After apply ing k-means algorithm on 
AWiFS_feb_2011 we get classified image as: 

Table 7: Sumarrization of results of K-means algorithm  
 

Image Satellite imagery  Commercial Tool 

 Tool    
     

 Overall Kappa Overall Kappa 

 Accuracy Value  Accuray Value  
     

dec2010 67.46%  0.5712 51.11%  0.3829 
nov2010 48.51%  0.3498 47.83%  0.3484 
feb2011 62.85%  0.5419 60.85%  0.5180 

 
Above table shows comparison between Satellite  imager tool 

using python and commercial tool on k-means algorithm. In  

which satellite imagery tool shows better result in terms of 
overall accuracy and kappa coefficient than commercial tool’s 

for k-means algorithm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 k-menas on AWiFS_feb_2011 in commercial tool 
 

Accuracy assessment of k-means algorithm on AWiFS-
feb_2011 image obtained in commercial tool: 

 
Overall Accuracy = (272/447) 60.8501%  

 
Kappa Coefficient = 0.5180 

 
Table 6: Ground Truth (Pixels) 

 
Class R1 R2 R3 R4 R5 Total 

       

C1 90 0 1 0 0 91 
       

C2 0 84 0 0 0 84 
       

C3 0 4 23 0 0 27 
       

C4 0 0 53 12 7 72 
       

C5 0 0 23 87 63 173 
       

Total 90 88 100 99 70 447 
       

 
VI. Conclusion 

In this way, image processing tool has been designed, which 

basically applies K-means algorithm for multi -spectral image 

clustering. It allows us to solve problem of clustering and 

cluster number estimat ion. The proposed k-means clustering 

algorithm that maps data points from input space to higher 

dimensional feature space and optimizes the clustering error in  

the feature space by locating near-optimal solutions. The main  

advantages of this method are its determin istic nature, which 

makes it  independent of cluster init ialization, and the ability to 

identify nonlinearly separable clusters in input space. 

Clustering results shows that the satellite imagery tool’s k-

means algorithm shows better result in terms of overall 

accuracy and kappa coefficient than commercial tools k-means 

algorithm. 
 
In future the similar research can be done on different type of 

images such as AVIRIS, LandsatTM. The final result may 

vary depending on the type of image.  
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